REST and peace for the neuronal-specific transcriptional program.
Despite a genetic homogeneity, cells in multicellular organisms are structurally and functionally heterogeneous. The diversity of cell phenotypes exists due to differential transcriptional programs precisely regulated by specific nuclear factors and induced upon differentiation. The differences in gene expression programs arise during development and become heritable during cell proliferation. Over the last few years, research has focused on three molecular mechanisms that mediate epigenetic phenomena: DNA methylation, histone modification, and formation of specialized nuclear domains or territories. All of these processes are dynamic and tightly linked to the organism's development. Here we review advances in understanding the significance of epigenetic mechanisms in the establishment and maintenance of the specialized transcriptional program. We project the accumulated knowledge onto the delineation of the molecular mechanisms by which central nervous system-specific genes are expressed in the nervous system and repressed in other tissues.